Protein A was applied as a reagent for the secondary reaction in ELISA (protein A-ELISA).
Mouse hepatitis virus (MHV) is a major pathogen in mice and according to our previous study, at least 50070of conventional mouse colonies in Japan are contaminated with this virus (Kagiyama et 01., 1986) . Most of these are subclinical infections, but MHV is a fatal pathogen for nude mice (Sebesteny & Hill, 1974; Nomura & Kagiyama, 1982) . Because there have been some cases of contamination of tumour cells by MHV (Maruo et 01., 1982) , the elimination of MHV is an important problem for oncological research.
These infections are usually detected serologically, but it has been reported that mouse strain differences in immune response affect the detection rate in the complement fixation test (CFT; Nakanaga et al., 1983) , which is the conventional method. Moreover, there are various strains of MHV with different antigenicity and pathogenicity. Since antigenic similarity of the structural proteins of these viral strains was demonstrated (Gilmore et at., 1987) , it is considered to be possible to detect their viral antibodies using monovalent MHV antigen. The authors have reported that ELISA using protein A in the secondary reaction (protein A-ELISA) shows a high sensitivity and specificity in antibody detection for Sendai virus in mice and guineapigs (Takakura et 01., 1988) . In the present study, the antibody detection sensitivity of protein A-ELISA in 6 spontaneously MHVinfected mouse strains or stocks, simultaneously reared in a MHV-contaminated room, was investigated using the MHV Nu-67 antigen strain.
Materials and methods
Mice and their husbandry. Ten 6-week-old males from each of the BALB/cCrSlc, C3H/HeSlc, C57BL/6CrSlc, Slc:ddY and Slc:ICR inbred strains or outbred stocks and 9 male DBA/ 2CrSlc were obtained from the Shizuoka Laboratory Animal Center (Hamamatsu). The mice were free from MHV infection on routine seromonitoring and were housed in autoclaved aluminium cages (420 x 270 x 150 mm) with bedding (Beta-chip, Charles River Japan) and supplied with autoclaved food pellets (CE-2, CLEA Japan) and filtered tap water ad libitum. The total of 59 mice in 6 cages was kept on the lowest rows of 2 racks in a room. Mice housed in 20 cages on the remaining rows of the racks had been found by the CFT, to be MHV -infected subclinically. The room was maintained at 23 ± 1°C, 55 ± 10% relative humidity and lighting from 0600 to 1800 h. Cages were changed twice a week.
The 6 cages of mice were kept in the room for 8 weeks. During that period, about 0·2 ml of blood was collected from the orbital sinus of each mouse once a week under ether anaesthesia, and MHV antibody detection was attempted by protein A-ELISA and CFT.
Antigen preparation
Protein A-ELISA antigen was prepared as follows. The Nu-67 strain of MHV which we isolated from the liver of a nude mouse with the wasting syndrome and which has demonstrated its broad reactivity with MHV /SDA V-naturally infected mouse and rat sera using CFT (Takakura et al., 1986) was used as the antigen strain. DBT cells were inoculated with 1()4°sTClD50/ml of the Nu-67 strain, and the culture fluid from the second day of incubation was centrifuged at 3000 r.p.m. for 10 min. The supernatant was then centrifuged at 20000 r.p.m. for 60 min and the resulting precipitate was resuspended in 1/ 10 of the original volume of PBS-(pH7'4) and stored at -80°C. At the time of use, carbonatebicarbonate buffer (pH9' 8) was added to adjust the protein concentration to 10ttg/ml, and 107 200 ttl were placed in each well of polystyrene plates (Costarcbrporation, Cambridge, USA) to form the solid-phase antigen. After incubation at 4°C overnight, the supernatant was removed and the wells were washed 3 times with PBSand filled with 250 ttl of O' 1% bovine serum albumin (Sigma Chemical, St Louis, USA) in PBS-for 1 h at 4°C to coat the active sites left on the wells (masking). After removal of, the masking material, the wells were dried at 37°C for 1h. The antigen plates were stored at 4°C in a desiccator until required. For the CFT antigen, culture fluid of the DBT cells inoculated with the Nu-67 strain of the virus was recovered and treated with formalin (Hirano et al., 1974) .
ELISA was performed as described previously (Takakura et al., 1988) . Briefly, each antigencoated well was filled with 200 ILlof test serum diluted to 1:40 and incubated at 37°C for 60 min. After incubation, each well was washed with PBS -and filled with 200 ILl of horse radish peroxidase (Toyobo, Osaka; grade I-C)-conjugated protein A solution (Sigma Chemical, P6650; St Louis, USA). The plates were incubated at room temperature for 60 min and washed, and 200 ttl of substrate solution containing o-phenylenediamine-HCl (Nakarai Tesque, Kyoto) and H202 was added to each well. After incubation at 37°C for 10min, the reaction was terminated by 50 ttl of 4N H2 S04' Optimal density of the solution at 492 nm was measured by a microplate photometer (MTP-12: Corona Electric Co., Tokyo) and an absorbance of 0·2 or higher was regarded as positive. 
CFT procedure
The CFT was performed according to the modified Kolmer's test with a microtitration method. Four units of antigen were used for the CFT and 750/0 inhibition of haemolysis was regarded as a positive reaction. An antibody titre of I: 10 or higher was evaluated as positive.
Statistical analysis
The antibody titres were analysed statistically by the Mann-Whitney test.
Results Table 1 shows the patterns of MHV antibody detection by protein A-ELISA and the CFT.
With protein A-ELISA, the antibody was detected in the second week in all mouse strains or stocks. The positive rates were 100% for C57BL/6CrSlc and DBA/2CrSlc, 90% for C3H/HeSlc, 60% for Slc:ddY, 50% for BALB/cCrSlc and 30% for Slc:ICR. However, with CFT, only C57BL/ 6CrSlc was positive at 2 weeks. Further CF antibody was detected in the third week with a positive rate of 30% in Slc:ICR and in the fourth week with a positive rate of 10% in Slc:ddY. CF antibody could not be detected during the experimental period in the BALB/cCrSlc, C3H/ HeSlc and DBA/2CrSlc strains. A comparison of antibody titres showed a significant difference between C57BL/6CrSlc and all the other strains or stocks in the second to seventh weeks by protein A-ELISA (P<0'005) as shown in Table 2 . A significant difference in the CF antibody titres between C57BL/6CrSlc and Slc:ICR Kagiyama et al. was also demonstrated in the sixth and seventh weeks (P<0'005) (Table 3 ).
Discussion
Early detection of MHV antibody in spontaneously infected mice in a MHV-contaminated animal room was performed efficiently using protein A-ELISA. It was clear that highly reliable results can be obtained with this procedure even when inbred strains other than the reactive C57BL/6 are tested as in the present experiment. With CFT, the use of C57BL/6 mice as sentinels appears to be necessary for seromonitoring of MHV infection as indicated previously (Kagiyama et al., 1987) . We used the MHV Nu-67 antigen strain for this study. Whether the results obtained in this study are applicable to other MHV antigen strains should be investigated. Differences in immune response in individual mice in the ICR and ddY outbred stocks are strongly reflected in the results especially in the CFT. If ICR mice are selected as the test animals in CFT, there is a risk that the infection will be overlooked if the sample size is less than 20 (Committee on Long-term Holding of Laboratory Rodents, 1976) in the third week post-exposure in a MHV-contaminated environment. To avoid such problems, the sample size should be increased, but this will make monitoring less economical. Reduction of the number of animals used should be one of the main considerations, and protein A-ELISA is considered to be ideal from this standpoint. With ELISA, false positive evaluation due to non-specific chromogenic reactions sometimes presents a problem (Takakura et al., 1988) . One of the causes of such non-specific reactions is the use of anti-IgG in the secondary reaction. To solve this problem, the authors used protein A in place of anti-mouse IgG. Protein A has a higher purity (Uhh~net al., 1984) than anti-IgG and it is not apt to adhere to the polystyrene plates, thus avoiding non-specific reactions.
Protein A binds well to the Fc fraction of IgG of not only mice but many other laboratory animal species (Lindmark et al., 1983) . If protein A exhibiting such advantages is applied as a reagent in an ELISA kit, routine monitoring will be not only accurate and economical, but also more efficient.
